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94.0% (83.5-98.7, 95% CI) using 50 dog sera (control group) submitted for reasons other than parasitic 21 infections. Potential cross-reactions were investigated with sera of a group of totally 61 dogs with proven 22 infections with Dirofilaria immitis (n = 23), Crenosoma vulpis (n = 14), Ancylostoma caninum (n = 4) or 23
Toxocara canis (n = 20). No significant difference was observed concerning the proportion of positive 24 reactions between the control group and the group with proven helminth infections other than A. vasorum. 25
In experimentally inoculated dogs with proven worm burdens of A. vasorum, the proportion of seropositive 26 dogs increased over the first 3 months of infection, starting from 35 days post inoculation (dpi) which was 27 before the onset of larval excretion. Ten weeks post inoculation, 98.6% of the dogs were seropositive, and 28 circulating antigen persisted in two dogs with long-term follow-up over 286 and 356 days, respectively. In 29 contrast, in dogs with a single treatment with imidacloprid/moxidectin at four or 32 dpi, no circulating 30 antigen was observed, while in dogs treated at 88-92 dpi, OD values decreased within 13-34 days. The 31 specific detection of circulating A. vasorum antigen by ELISA represents a valid alternative for reliable 32 μg streptomycin/ml and incubated in the same medium at +37° C and with 5% CO 2 in a concentration of 20 82 worms/30ml. The medium was replaced every day during the first five days and discarded in order to 83 reduce potential contaminations with host antigens. The viability of the worms was judged by their motility, 84
and inactive or dead worms were removed before fresh medium was added. Afterwards, the medium was 85 harvested twice a week and supernatant stored at -20° C after centrifugation (2000 g, 10 minutes) until 86 further processing. After sterile filtration through a 0,22 μm sieve (Millipore Corporation, Billerica, 87
Massachusetts, USA), the collected media were concentrated using YM-10 membranes (discs of 10 kDa 88 NMWL) (Millipore) in a pressurized (3.5 bar) Amicon ultrafiltration unit. 89 90
Polyclonal antibodies 91
Female New Zealand White rabbits were subcutaneously immunized with 150 µg of A. vasorum adult E/S-92 antigen diluted in PBS (phosphate buffered saline) and Freund's complete adjuvant. A booster was 93 performed four weeks later with Freund's incomplete adjuvant, followed by a terminal bleed four weeks 94 later. Serum was collected and stored at -20° C. 95 96
Monoclonal antibodies 97
Monoclonal antibodies (mAb) were produced with a modified protocol (de StGroth and Scheidegger, 1980) 98 as follows. NMRI (Naval Medical Research Institute) mice (Janvier, Le Genest St. Isle, France) were 99 subcutaneously immunized with 20 µg of adult A. vasorum E/S antigen in a volume of 50 µl PBS (28.25 µl 100 antigen and 21.75 µl sterile PBS) mixed with 50 µl Freund's complete adjuvant. This was repeated twice in 101 an interval of 3 weeks using the same amount of antigen in Freund's incomplete adjuvant, followed by 102 subcutaneous boosters of antigen with PBS for three days directly before decapitation under anaesthesia. Plates were coated overnight at 4° C with 2.5 µg/ml of a selected mAb (mAb Av 56/1/2), diluted in 0.1 M 131 carbonate/bicarbonate buffer (pH 9.6) containing 0.02% NaN 3 . Plates were washed four times with 132 physiological NaCl/0.3% Tween-20 (NaCl-T) before saturation for 30 min at 37° C with PBS (pH 7.2) 133 containing 0.02% NaN 3 , 0.05% bovine haemoglobin (Fluka) and 0.2% (v/v) Tween-20 (PBS-T). Serum 134 dilutions (100 µl/well, 1:2 in PBS-T) were incubated for 1 h at +30° C and the plates were subsequently 135 washed four times with NaCl-T. Afterwards, hyperimmune polyclonal rabbit serum (100 µl/well) was added 136 in a concentration of 1:500, incubated for 1 h at 30° C, and plates again washed four times with NaCl-T 137 before adding 100 µl/well goat anti-rabbit IgG conjugated to alkaline phosphatase and diluted in PBS-T 138
(1:2'500). After the repetition of the incubation and washing steps, 100 µl/well of a 1 mg/ml solution of p-139 were added. Absorbance values were read at 405 nm (OD 405 ) with a Multiscan RC ELISA reader (Thermo 141 
Animal permissions 189
The experimental foxes were reared and purchased from a fur farm and housed individually at the LIFE 190 vasorum circulating serum antigen starting from 35 dpi and latest at 77 dpi. One dog harbouring a high 219 worm burden (165) at 55 dpi was seropositive only at 35 dpi, while all samples of the other dogs had 220 increasing optical densities during the progressive course of infection. During a long-term follow-up of two 221 dogs, circulating antigen was regularly detected at high levels (Fig. 3) . 222
In contrast, OD values of four out of five infected dogs that were treated with the spot-on solution containing 223 imidacloprid/moxidectin decreased after the drug administration. No worms could be found in these dogs at 224 necropsy (Fig. 4) . Three out of 5 dogs became negative within 16-34 days after treatment, while the one 225 dog harbouring still one worm at necropsy remained positive for A. vasorum antigen detection. In sera of 226 dogs treated at 4 (n=8) or 32 (n=8) dpi, no antigen could be detected by the sandwich-ELISA during the 227 whole follow-up until 55 dpi. The present study aimed to develop a reliable diagnostic tool for the serological diagnosis of an A. vasorum 247 infection in dogs. Our first results using A. vasorum adult E/S antigen for the production of rabbit polyclonal 248 antibodies resulted in a prototype ELISA with low specificity when sera of dogs infected with D. immitis 249 were tested (data not shown). These trials showed that A. vasorum and D. immitis share common epitopes 250 inducing strong cross-reactions. For this reason, mAbs produced in this study were evaluated with E/S 251 antigen of both adult A. vasorum and D. immitis, and several mAbs strongly reacting with D. immitis were 252 excluded. Consequently, the use of the mAb Av 56/1/2 which did not react with D. immitis E/S antigen 253 resulted in a highly specific sandwich-ELISA. Employing this species-specific mAb together with polyclonal 254 rabbit antibodies directed against A. vasorum adult E/S antigen, the sandwich-ELISA was able to detect 255 circulating antigens in the sera of patent naturally infected dogs with a high specificity. Therefore, the few 256 positive reactions observed with sera of the control group or the group with proven other helminth infections 257
(one of 23 D. immitis and one of 14 C. vulpis infected dogs) are unlikely to be caused by cross-reactions. 258
Rather, occult A. vasorum infections or coinfections which could not be excluded, might the reasons for the 259 seemingly false-positives. As a matter of fact, expertise is needed for larval differentiation from faecal 260 samples, and a coinfection can be easily missed particularly if one larval type is dominating. 261
The test sensitivity of the sandwich-ELISA increased over time of infection, reaching a sensitivity of 98.6% 262 in experimentally inoculated dogs infected for 10 and more weeks. However, also during late prepatency 4-263 5 weeks after inoculation, 20% of the dogs were seropositive, indicating that the employed mAb Av 56/1/2 264 is directed against epitopes on parasitic stages that are present before larval excretion starts. The stage-265 specificity of the monoclonal used will be analysed in detail in further studies. No evident correlation 266 between worm burden detected at necropsy and OD values in ELISAs was observed. The reason why one 267 experimentally infected dog with a high worm burden at necropsy at 55 dpi had only one seropositve 268 sample (at day 35) remains enigmatic. Possibly, this dog would have become seropositive again later. The 269 long term follow-up of two experimentally inoculated dogs showed that they remained seropositive up to a 270 year. Serodiagnosis for circulating antigen is therefore a helpful tool even for dogs with chronic 271 angiostrongylosis tending to excrete low numbers of larvae. ODs in the ELISA. One dog positive at necropsy but negative with the Baermann-Wetzel technique (data 277 not shown) was still seropositive, as well as one dog necropsied 30 days after successful treatment. Thus, 278 an effective treatment was followed by decreasing level of detected circulatory antigens, mainly until 279 treatment, it can be assumed that the treatment was not successful and should therefore be repeated. Also 281 post-treatment faecal examinations performed with the Baermann-Wetzel technique are not recommended 282 to be done before 4 weeks after treatment, since larval excretion can be observed up to 3 weeks after 283 successful treatment (Schnyder et al., 2010) . 
